This study discusses the conflict between Maasai pastoralists and African wild dogs (Lycaon pictus) over livestock before and after the Maasai were evicted from the Serengeti National Park (SNP) in 1959. We surveyed 181 randomly selected households from six villages in the eastern Serengeti ecosystem. A semi-structured questionnaire was used to acquire the required information from the respondents. We found that males had a greater awareness of local wild dog presence and livestock-derived conflict than females, and reported more frequently to have chased and killed wild dogs that attacked their livestock. Moreover, the conflict existed before 1959, decreased during the 1990s, but increased from 2000 onwards. This increase is attributed to the growth in human, livestock and wild dog populations in the area. This study recommends that to foster their coexistence, the continued escalation in livestock numbers needs to cease while simultaneously protecting the region's wild prey populations.
Wild dogs currently inhabiting LGCA and NCA are genetically similar to those previously inhabiting the Serengeti plains, ruling out the possibility that this population has recolonized the area from elsewhere (Marsden et al., 2012) . The LGCA and NCA support the only wild dog population in the area since the population has failed to naturally recolonize the Serengeti National Park (Masenga, 2011) . Therefore, there is little information on the historical distribution of wild dogs in the ecosystem, especially as to where the population successfully survived the supposed local extinction. There is also a lack of information as to whether the Maasai pastoralists had any conflict with the wild dogs over their livestock during their stay in the SNP before 1959, and whether this has escalated in recent years. Information on the status of the conflict will thus provide a much needed overview of the historical distribution of wild dogs and temporal trends in the conflict in the area. Insights into the conflict will aid conservation management of the threatened carnivore.
We tested three hypotheses in this study. The first hypothesis was that the wild dogs have continuously inhabited the LGCA, even directly after the reported extinction. The second hypothesis is that male Maasai pastoralists have a greater awareness of local wild dog presence and the livestock-derived conflict in their area. The third hypothesis is that the conflict between the Maasai pastoralists and wild dogs has increased in recent years due to human and livestock population growth and an increase in the wild dog population in the area.
Materials and Methods
The study was conducted in six villages in the LGCA in the eastern Serengeti ecosystem (Figure 1 ).
LGCA borders the Maasai Mara National Reserve along the Kenyan border and the SNP in Tanzania between 2°5'00''-2°2'60''S and 35 o 61'67''-35°37'00''E (Masenga, 2011) . The region is one of the most wildlife-rich areas in the world (Maddox, 2003) . Hundreds of thousands of wildebeest (Connochaetes taurinus), zebra (Equus burchelli) and other ungulates pass through the communities during their annual migration from the Maasai Mara to the Serengeti Plains (Holdo et al., 2010) . Large predators remain remarkably widespread throughout the LGCA compared with nominally unprotected areas in other parts of Tanzania and neighbouring countries. Maddox (2003) described a significant cheetah (Acinonyx jubatus) population in the LGCA and noted the large numbers of lions (Panthera leo), spotted hyenas (Crocuta crocuta), and jackals (Canis mesomelas) in the area. The Maasai pastoralists mostly inhabit the area closest to the SNP boundary, covering approximately 4500 km 2 (Lyamuya, Masenga, Fyumagwa, & Røskaft, 2014) . The dominant form of land use and livelihood in the area is trans-human pastoralism (Homewood & Rodgers, 1991) , which utilizes wet and dry season livestock grazing pastures according to traditional patterns of movement. Rangelands are managed communally but are not considered to be open access lands.
The data for this study were collected in January 2013 and encompassed 181 households chosen randomly from the six Maasai villages living in the eastern Serengeti ecosystem (Figure 1 ). The method used for data collection and sample size determination followed the same methods previously employed in other studies (Fa, Peres, & Meeuwig, 2002; Sancheti & Kapoor, 2003) . No prior notice was given to the interviewees, although the village chairman was first consulted about the study and asked for permission to carry out interviews in his/her area. A purposive sampling strategy was used, with respondents chosen according to availability based on their age and gender. A semi-structured interview was administered through a questionnaire translated into "Swahili" language with the help of Maasai translators to acquire information related to their perspectives on the history of human-wild dog conflict in the area. The information collected included basic information such as the respondent's age, GPS location, tribe (only Maasai), educational level (e.g., had been to school, had not been to school) and occupation (e.g., livestock keeper, housewife, employee). Respondents were then asked if they were born before or after the Maasai eviction from the SNP. After that, respondents were asked the following questions regarding their coexistence with wild dogs: (1) "Have you ever seen wild dogs?" (2) "How often do you see wild dogs in your area?" (3) "How is the general population trend of wild dogs in your area?" (4) " Have you ever seen wild dogs preying on your livestock?" (5) "How often do you see wild dogs preying on your livestock?" (6) "How did you react when you observed wild dogs attacking your livestock? ; (7) "If you compare the present situation on livestock attacks by wild dogs to those days when you were young, is it increasing, decreasing or does it remain stable?" During the survey, we collected village centre GPS locations which assisted us in drawing our study area map in Arc View 9.0 (Environmental Systems Research Institute, Redlands, CA, USA). Statistical Package for Social Science (SPSS) Statistics 21.0 for Windows (http://www.spss.com) was used to perform all statistical analyses (Kirkpatrick & Feeney, 2010) . We used both logistic and linear regression analyses to test different independent variables that could explain the variations existing among dependent variables in our data. Because most of our data were nominal, we primarily used non-parametric Chi-square tests (Fowler, Cohen, & Jarvis, 2009 ) to determine frequency differences among different variables; hence, in all tests, P ≤ 0.05 was considered statistically significant. 
Results
Male Maasai pastoralists (98 %, n = 123) reported more frequently to have seen wild dogs in their area than did females (66 %, n = 58; χ² 1 = 36.5, P = 0.001). Those who had been to school had more frequently (95 %, n = 74) seen wild dogs in the area than those who had never been to school (82 %, n = 107; χ² 1 = 6.02, P = 0.014). However, no difference in this respect was found between those born before or after the eviction from SNP (1959) (χ² 1 = 0.479, P = 0.359).
A logistic regression analysis with response to the question " Have you ever seen wild dogs? (yes/no)" as a dependent variable, and gender, education level and born before or after eviction from the SNP (1959) as independent variables indicated that gender (B = 2.7, Wald = 15.8, P ≤ 0.001) was the only factor explaining whether wild dogs had been seen in their area (Wald χ² 3 = 32.7, P ≤ 0.001, Nagelkerke r² = 0.328 ). The other factors such as born before or after the Maasai eviction from the SNP and education level were not found to be significant in explaining the variation in the observations (yes/no) of wild dogs in the area.
Males more frequently reported seeing wild dogs on a daily or weekly basis compared to females (χ² 1 = 39.2, P ≤ 0.001, Table 1 ). Furthermore, the frequency on how often Maasai pastoralist had observed wild dogs varied with education level (χ² 1 = 17.1, P = 0.002, Table 1 ) and whether they were born before or after the eviction from SNP (χ² 1 = 33.6, P ≤ 0.001, Table 1 ). Those who not had been to school observed wild dogs more frequent than those who had been to school, while those born before eviction from the SNP (1959) also observed wild dogs more common than those born after eviction. Furthermore, a linear regression analysis with how often Maasai pastoralist have observed wild dogs in their area as a dependent variable and with gender, education level and born before/after eviction as independent variables was significant (F 3,177 = 23.3, r² = 0.283, P < 0.001). Here both born before/after eviction (B = 1.11, t 1 = 6.07, P ≤ 0.001) and gender (B = 1.09, t 1 = 5.64, P ≤ 0.001) explained the variation significantly, while education level did not.
Most males (55 %, n = 123) reported that the wild dog population was decreasing in the area while most females (45 %, n = 58), indicated that the population was increasing (χ² 1 = 32.7, P ≤ 0.001). The assessment of the wild dog population trend also differed between the two groups with different education levels (χ² 1 = 15.3, P = 0.002). Most of those who had been to school (46 %) thought the population was increasing while a majority of those who had never been to school (23 %) had no opinion. No difference in this assessment of the current population trend was found between those born before or after eviction from the SNP (χ² 1 = 5.37, P = 0.15). A linear regression analysis with assessment of the population trend as a dependent variable and with gender, education level and born before or after the eviction from SNP as independent variables was significant (F 3, 177 = 2.84, Nagelkerker² = 0.046, P = 0.039), however, only gender (B = 0.297, t 1 = 1.74, P = 0.083) explained some of this variation, while education level and born before or after the eviction from SNP did not.
Males (81 %, n =123) reported more frequently than females (50 %, n = 58) having seen wild dogs preying on their livestock (χ² 1 = 18.9, P ≤ 0.001). Furthermore, those who had been to school more frequently (81 %, n = 74) reported to have seen wild dogs preying on their livestock than those who had never been to school (65 %, n = 107; χ² 1 = 5.9, P = 0.015). However, no difference in this respect was found between those born before or after eviction (χ² 1 = 0.58, P = 0.445). Logistic regression with wild dogs preying on livestock as a dependent variable and with gender, education level and born before or after eviction as independent variables were significant (Wald χ² 3 = 30.6, P ≤ 0.001, Nagelkerke r² = 0.156). Gender (B = 1.38, Wald χ² 1 = 13.7, P ≤ 0.001) was, however, the only factor explaining whether wild dogs had been seen preying on their livestock in their area while education level and born before or after the eviction from SNP was non-significant.
Although most respondents had seen wild dogs preying on their livestock rarely in their area the frequencies differed between the two gender (χ² 1 = 23.9, P ≤ 0.001), the two education groups (χ² 1 = 10.7, P = 0.015), but not in relation to whether they were born before or after the eviction from SNP (χ² 1 = 3.52, P = 0.32). A linear regression analysis how often do you see wild dogs preying on your livestock as a dependent variable and with gender, education level and born before or after the eviction from SNP as independent variables was significant (F 3, 177 = 6.81, P = 0.039), however, only gender (B = 0.406, t 1 = 3.61, P = 0.001) explained some of the variation, while education level and born before or after the eviction from SNP did not.
Males reported more frequently chasing or killing wild dogs when they saw them attacking their livestock than did females (χ² 1 = 10.8, P = 0.005, Table 2 ). However, no differences in this reaction patterns were found concerning education level (P = 0.32) or between those born before or after the eviction from SNP (P = 0.23).
More males (71 %) than females (50 %) claimed that the present situation recording wild dog attacks is increasing compared to previous days (χ² 3 = 12.7, P = 0.005, Table 3 ), similarly 75 % among those born before the eviction from SNP claimed the wild dog attacks on livestock is increasing while only 56 % of those born after the eviction claimed so (χ² 3 = 13.6, P = 0.004, Table 3 ). No difference in this respect was found between those with or without education (P = 0.85). A linear regression analysis with " If you compare the present situation on livestock attacks by wild dogs to those days when you were young, is it increasing, decreasing or does it remain stable?" as a dependent variable and with gender, education level and born before or after the eviction from SNP as independent variables was significant (F 3, 177 = 8.89, P ≤ 0.001). Born before or after the eviction from SNP (B = 0.656, t 1 = 3.82, P ≤ 0.001) and gender (B = 0.621, t 1 = 3.31, P ≤ 0.001) significantly explained this variation, while education level did not. 
Discussion
Our results reveal that male Maasai pastoralists more frequently reported having seen wild dogs in their area than did females. This finding supports our hypothesis that male Maasai pastoralists have a greater awareness of local wild dog presence in their area. This is because male Maasai normally follow the livestock out into the bush (Mmassy & Røskaft, 2013) and therefore, acquire more information. Also, this finding indicates that wild dogs were present in the LGCA long before and even after the Maasai were evicted from the SNP in 1959. Therefore, our results support our hypothesis that the wild dogs have continuously inhabited the LGCA, even directly after the reported extinction as from the results of the genetic study conducted by Marsden et al. (2012) , indicated that the Serengeti population of African wild dogs did not go extinct in the region as previously reported (Stearns & Stearns, 1999) . While Marsden et al. (2012) did postulate that the population may have survived unrecorded in the Loliondo region, our results confirm this and that the population has persisted there subsequently.
Furthermore, our results show that wild dogs were sighted more often by Male pastoralists on a daily or weekly basis compared to females, which supports our hypothesis that male Maasai pastoralists have a greater awareness of local wild dog presence in their area. Moreover, those born before eviction from the SNP (1959) also observed wild dogs more frequent than those born after eviction, because before 1959, the population of the African wild dogs in the area was most likely high (Carbone et al., 2005; Frame, Malcolm, Frame, & Vanlawick, 1979) and thus, those born before eviction from SNP were able to see more often than those born after eviction. Also, those born after eviction experienced more of the reported decline of African wild dogs in the SNP during the 1990s (Carbone et al., 2005; Stearns & Stearns, 1999) which reduced their chances to see wild dogs more frequently in the area. However, since 2000 onwards, the African wild dogs have been reported to be sighted more frequently in the LGCAand has increased to some extent their chances of being sighted in the area (H. E. Masenga & Mentzel, 2005) .
In explaining the general population trend of wild dogs in the area, it was found that most males reported that wild dog population was decreasing while most females reported it was increasing. The reported decrease in wild dog population by males was probably because its population observed before 1990 was most likely high, but despite their initially high numbers, African wild dogs were declared locally extinct in the Serengeti National Park (SNP) in 1991 (Carbone et al., 2005; Gascoyne et al., 1993; Stearns & Stearns, 1999) . Due to the division of labour within the Maasai pastoralist society (FAO, 2013; Mmassy & Røskaft, 2013) , males were expected to observe and be more aware of changes in the wild dog population.
Our results also supported the hypothesis that male Maasai pastoralists were more concious of the conflict over livestock with wild dogs in their area since male Maasai pastoralists reported more frequently than females to have seen wild dogs, especially those preying on livestock. This finding may be attributed to the existing division of labour within the Maasai pastoralist society which favours males doing outdoor activities such as daily livestock herding (FAO, 2013; Mmassy & Røskaft, 2013) , whereas females mostly do domestic work such as caring for children, cooking, milking livestock, fetching water and firewood collection (Mwebi, 2007) . Our findings further indicate that the Maasai conflict with African wild dogs existed before their eviction from the SNP in 1959, but conflict occurred at a low level.
Males reported more frequently than females that they had seen wild dogs preying on their livestock, albeit rarely, which is in support of our hypothesis that male Maasai pastoralists are more aware of the conflict over livestock with wild dogs in their area than female Maasai. The rarity of sighting livestock depredation incidences by males Maasai is attributed to the abundant wild prey species reported to be found in the area (Grzimek & Grzimek, 1960; Thirgood et al., 2004) and also because previous studies have found no difference in terms of species diversity and density of both ungulates and carnivores between the SNP and its surrounding areas (Campbell & Borner, 1995; Maddox, 2003) . Wild dogs have been found to prefer to prey on wild prey species rather than livestock wherever wild prey species are more abundant (Hayward, O'Brien, Hofmeyr, & Kerley, 2006; Rasmussen, 1999) .
According to our results, males more frequently reported that they chased and killed wild dogs when they saw them preying on livestock. Therefore, our findings support previous studies showing that most livestock keepers do retaliate by killing problem animals following livestock losses (Bangs & Shivik, 2001; Gese, 2003; Ikanda & Packer, 2008; Kissui, 2008; Maddox, 2003; E. H. Masenga et al., 2013) , which have brought some carnivore species close to local extinction (Rasmussen, 1999; Woodroffe et al., 2005) , the African wild dog being one such species (Swarner, 2004; Woodroffe et al., 2005) .
Our findings concur with the previous studies as more males and those born before the eviction from SNP claimed that the present situation on livestock attacks by wild dogs is increasing, supporting our hypothesis that this conflict has risen in recent years due to human population growth and an increase in the wild dog population in the area. The human population at the time of eviction was small, comprising around 1000 Maasai pastoralists (Neumann, 1998) , whereas recent settlements in the Ngorongoro district number more than 180,000 Maasai pastoralists (Homewood & Rodgers, 1991) . This increase in number of livestock in the area has probably increased the rate of wild dogs encounters (Lyamuya et al., 2014; E. H. Masenga et al., 2013; H. E. Masenga & Mentzel, 2005) . Our findings support what previous studies indicating that the endangered African wild dog population posed no significant problem to the Maasai pastoralists in the Serengeti Ecosystem (Ikanda & Packer, 2008; Maddox, 2003) . This was perhaps because of the reported extinction of the African wild dogs in 1991 (Carbone et al., 2005; Creel, Creel, & Monfort, 1997; Gascoyne et al., 1993; Stearns & Stearns, 1999 ) that reflected a reduction in their numbers to a such extent that wild dogs were not easily detected (Marsden et al., 2012) . Therefore, this conflict was considered to decrease during that period (Ikanda & Packer, 2008; Maddox, 2003) and then increased again from 2000 onwards (H. E. Masenga & Mentzel, 2005) . Given wild dogs' wide-ranging behaviour, attacks on livestock would most likely have been low when the human and livestock population was small. The increase in the wild dog, human and livestock populations thus intensifies the probability of encounter and attacks.
Conclusion
This study confirms that male Maasai pastoralists have a greater awareness of local wild dog presence and the livestock-derived conflict in their area. Moreover, the conflict between the Maasai pastoralists and African wild dogs over livestock existed before 1959 and has continued to present days. Furthermore, wild dogs did not go completely extinct from the Serengeti ecosystem in 1991 and managed to survive in other areas including the LGCA (Burrows, Hofer, & East Marion, 1994; Marsden et al., 2012) . Conflict decreased in 1990s and has increased in recent years. This study suggests that for the Maasai pastoralists to coexist better with African wild dogs, the continuing rise in livestock density needs to cease while wild prey population should be protected.
